River Assessment and Monitoring
NCTC - Shepherdstown, WV
9/17 —9/27/2007

Team 4

Day 1
Magruders Branch
Reference Reach
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Magruder Branch Reference Reach Team 4

9/18/2007

Worksheet §-3. Field form for Level! Il stream classification (Rosgen, 1996; Rosgen and Silvey, 2005).

Stream: Macgruder, Reach - Reach 4

Basin: Drainage Area: 1152 acres 1.8 mi?
Location:

Twp.&Rge: ; Sec.&Qtr.: ;

Cross-Section Monuments (Lat./Long.): 0 Lat/0 Long

Date: 9/18/2007

Observers:

Valley Type: VIl

Bankfull WIDTH (W,
WIDTH of the stream channel at bankfull stage elevation, in a rifffe section.

22.35

Bankfull DEPTH (dy)

Mean DEPTH of the stream channel cross-section, at bankfull stage elevation, in a
riffle section (dhk!' =A/ Whlﬂf}'

1.31

Bankfull X-Section AREA (Ap)

AREA of the stream channel cross-section, at bankfull stage elevaticon, in a riffie
section.

29.25

Width/Depth Ratio (Wy/ di)
Bankfull WIDTH divided by bankfull mean DEPTH, in a riffie section.

17.06

Maximum DEPTH {d,;.s)

Maximum depth of the bankfull channel cross-section, or distance between the
bankfull stage and Thalweg elevations, in a riffle section.

2.07

WIDTH of Flood-Prone Area (W)

Twice maximum DEPTH, or (2 X dy) = the stage/elevation at which flood-prone area
WIDTH is determined in a riffle section.

150

Entrenchment Ratio (ER)

The ratio of flood-prone area WIDTH divided by bankfull channel WIDTH (Wi, / W)
(riffle section).

6.71

Channel Materials (Particle Size Index ) Dg,

The Dy, particle size index represents the mean diameter of channel materials, as
sampied from the channel surface, between the bankfull stage and Thalweg
elevations.

18.93

Water Surface SLOPE (8)

Channel slope = "rise over run” for a reach approximately 20-30 bankfuii channe}
widths in length, with the "riffe-to-riffie” water surface slope representing the gradient
at bankfuil stage.

0.01245

Channel SINUOSITY (k)

Sinugsity is an index of channe! pattern, determired from a ratio of stream length
divided by valley length (SL / VL); or estimated from a ratic of valley slope divided by
channet slope (VS / 8).

1.33

Stream

C4

Type

< {See Figure 2-14)

ft/ft

ft/ft

mm

ft/ft

Copyright © 2008 Wildland Hydroiogy
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Magruder Branch Reference Reach Team 4

Worksheet 5-4. Morphological relations, including dimensionless ratios of river reach sites (Rosgen and Silvey, 2005).

9/18/2007

TeEam 4| _Stream: Majgmder, Reach - Reach 4 ___Location:

Observers: Date: 9/18/2007 Valley Type: VIl Stream Type: C 4
lislo? [ River Reach Summary Data B ‘
- [Mean Riffle Depth (due) | 1.31 11 |Rifflo Width (Woa) | 22.35 It [Riffie Area (A | 2025 g |
5 |Mean Pooi Depth (duas) | 1.59 [t |Pool Width (Weey) - | 217 IR [Pool Area (Au) | 3481 g Ii
% el Dep‘“’Me‘T Riffle 121 ::"‘i Pool Width/Riffie Width 0.97 x::ﬂ’ Pool Area / Riffle Area 1.18 :HW""A
E [Max Riffle Depth (dmwd | 20918 [Max Pool Depih (dess) 1 3.58 it [Max Riffle DepthiMean Riffle Depth i1.53
é !Eax Pool Depth/Mean Riffle Depth 52.733| |Point Bar Slope i 15 I
g |Stmamﬂow: Estimated Mean Velocily at Bankfull Stage (Uy) - 4.69 §MS |Estimation Method § 1 Ii
__j |Streamflow: Estimated Discharge at Bankfull Stage (Grq) i 133 icfs |Drainage Area P18 im? |
Geometry Maan_ Min  Max Dimensioniess Geometry Ratios Moan Min  Max |
"] Meander Length (Lm) 1 1751 167 [ 183 [t [Meander Length Ratio (Lm/Wy) | 7.83{ 7.47 8.18 ||
E |Radius of Curvature (Re) | 39 | 28 | 50 R |Radius of Curvature/Riffie Width (Re/Wo) 14741 1.25] 2.24 |
& | {Belt Width (Wy) [ 103 90 | 115 it |[Meander Width Ratio (WyyWiy) {459 | 4.03] 5.15 |
g {Individual Poo Length | 2061 15.6] 27.2it [Pool LenglivRifie Width {0.92] 0.70 ! 1.22]
g [Pool to Pool Spacing 18421 655! 103t [Poolto Pool Spacing/Riffle Width [3.77] 2.93} 4.60 l
| J[Rifle Length [ 26 11081 51.3[t  |Riffle LengtivRiffle Width [1.16] 0.48] 2.29 |
’—IValley Slope (v8) | 0.0166 it IAverage Water Surface Slope (S) | 0.01245 it |Sinuosity (vVS/S) ! 1.33 |
[Stream Length (SL) | 386 it |Valley Length (VL) {200 it Isinuosity (SLvL) 1133}
Low Bank Height start} 467t 1 - B pax Riffle start! 1.88 if Bank-Height Ratio (BHR) start -0:99-1
(LBH) and|-2:25-t .. o2 Depth endi 2.03 ift (LBH/Max Ritfle Depth) endi- 1.1

Facet Slopes Moan Min Max Dimensionless Stope Ratios Moan Min  Max

2 |[Rifte Siope (S) _10.024{0.0230.024ut_[Riffe Slope/Average Water Surface Siope (Sy/ S) 11.908} 1.864]1.962]
2 |Run Siope (Swd _10.014]0.006{0.024}ftt |Run Siope/Average Water Surface Siope (S 5) 1.149]0.484}1.933]
g {Poot Sope (S) 10.002]0.000{0.005//t |Pool Slope/Average Water Surface Slope (S,/ 5) 10.121/0.000} 0.406}
g |Glide Siope (5 10.003]0.001]0.008{R/t |Glide Siope/Average Water Surface Siope (S, / S) {0.269/0.111/0.373]
Feature Midpoint® Mean Min Max Dimensionisss Dapth Ratios Msan Min Max
|Riffle Depth (dy) [ 2.01] 1.67] 225t |Riffle Depth/Mean Riffie Depth (dyr/ doxg) i 1.53] 1.27 | 1.72|
|Run Depth (du) | 241]2.25{2.62[%  |Run DepthiMean Riffle Depth (dun/ tdexg) i1.841172] 2 |

[Paci Depth (d,)

{3581 279431

|Pool Depth/Mean Riffie Depth (d,/ dyg)

f273]21373.20]

__J|clide Depth dy) [ 2.2 [1.857275[  |Glide DepitvMean Riffie Depth (dg / Goss) 11.68] 1417 21 |
Reach® RIffe° Bar Reach” Riffia" Bar  Protrusion Height’
[ Y% siCiay | 8 | o [ o 1[bsi 075 | 978 [ 206 ] 0 |mm |
L T T T ] ] |
/(% Sand { 1 | 796 | 1557 |[Ds| 947 | 2766 | 592 | O |mm |
3 1 1 1 i § 1 1 1
3 i[% cravel { 72 | 6705 | 6554 || Do 1893 | 3842 | 1657 | 0  imm ]
gi% Cobble i 9 | 25 | 249 |[Du| 5191 | 848 | 7522 O imm |
21[% Bouder i 0 { o i 0 |[Ds] 788 | 1488 | 8882 0 imm |
[% Bedrock i 0 ! o T 0o |[bwi 128 | 286 | 9 | 0 fmm |

b Composite sample of riffies and pocis within the designated reach.
© Active bed of a riffie,
d Height of roughness feature above bed.

Copyright © 2006 Wildland Hydrology

a Min, max, mean depths are the average mid-point values excent pools, which are taken at deepest part of pooi.
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Mageudar-Rranch.Reference.Reach Team 4 PA8(3007

Worksheet A-3. Bankfull velocity and discharge estimates.

”""“ i ... Bankfull VELOCITYDISCHARGE Estimates TE
o = , g
9HB(07 5[S|te l Macqfu.d ev  OVAc I Location I M-an‘\inm@% M D I
':JlEate Iq\\;\ o1 ,Stream Type I C_l-k I Vailey Type \[; $§| . —|
{Observers| "Ve g ) HuC |22 e l 7 f = l_‘E I__l_‘? |..._|_._|__.l._j
R INPUT VARIABLES I ' 7 OUTPUT VARIABLES f’:',j'—‘.: s [ ]
" || Bankfull Crossection AREA | | 5 o 5 L(:b;; | Banfull MeanDEPTH | 3y | Dwe |
_ J g
Wetted PERIMETER :
Bankfull WIDTH 22 .3 | Wos (P T . 2. O || Wepe () _
. Dia. = D84
D84 @ Riffle | od. b P D84 mm / 304.8 H.2.F e
5 Hydraulic RADIUS R
Bankfuil SLOPE Lo e il Awfwrw .22 &)
. . _ g Relative Roughness 1
Gravitational Acceleration 22.2 | (rmesh Rt/ D84 ) | .3 §
; DA Shear Velocity | uwr |
Drainage 4aRFA i g ! (SaMii | i ='G§s_ ] <. LY {Ft: Sec)
E& ESTIMATION METHCDS Dl 5
1. Friction ~ _ = _
b / nl:ﬂ;:::,, u=[2383+5.66Log{ R/ D84 } Jux 4.45 /30 CFS
: 2. Roughness Coefficient: 1) Manning's ‘o’ from friction factor / relative i
roughness. u = 1.4895*R¥s"y = “4.33 ||FtiSec || 126 CFs
. | 2. Ronghness Coefficient u = 1.4895* RP+g%y Ft CFs
b) Manning's 'n’ from Jarrett { USGS ): n = 0.3957R" n = _ G -
Nm ‘This equation is for applicatians involving steep, siep-poal, high boundary rougi s cobbles
Ider-dominated strezm ie., for stream types Al, A2, A3, B1, B2, B3, CZandEJ
1 2. Roughness Cocfficient; u=1.4895* R¥*s"g

) Manning’s 't from Stream Type =

(.ol [ Ftisec|] ;75 | crs

3. Other Methody, ie. Hydraulic Geometry (Hey, Darcy-Weisbach, Chezy C, otc.) ;
i P e Ft/Sec — CFS
i 5

3. O&er Meﬂwds. ie. Hydraulic Geometry (Hey, Darcy-Weishach, Chezy C, ese,)

l -l ——— Fti/8ec S CFS

4. Continuity Equations a} Regional Corves =0/ 4 . ] .
Return Period for Bankfuil Discharge Q = 4 . S Ft/Sec | 132 CFS
g 4, Continuity Equations; b) USGS Gage Datx u=Q/A —_— Ft/S8ec | CFS

Options for using the D84 term in the relative roughness refation (R/D84), when using esthIon method 1.
n 1. Forsamd-bed channels: measure the "protrusion height™ (h,,) of sand dines above charnel bed elevanom Snbsnmte
ﬂpﬂo

__anaverage sand dune protrusion heighit (hy, in feet) for the D84 term in estimation method 1.

‘ Opnon_-ﬁ. ‘or-howider-dominated channels; measure several ' ‘protrusion heights™ (h,,) of boulders above channel
elevations. Substitute an average boulder protrusion height (b, in feet) for the D84 term in estimation method 1

= irock-domiusted channels: measurc several " protrusion heights” (b,,) of rock separationy/siens 7

Fods m\;ﬁowaoovc chmnel bed elevations.. Substitiic 4n averge hedrock protrusion height x"a_\‘ in *"ceﬁ
R samation method 1. ;

Copyright © 2007 Wiidland Hydrology AS
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River Assessment and Mor{itoring: Reference Reach

a. Riparian Vegetation

Magruder Branch Reference Reach Team 4

9/18/2007

1% Field Day

Worksheet A-4. Riparian vegetation composition/density used for channel stability

assessment.
i © - Riparian Vegetation "~ = -
- /-
Stream: MCLC A /' Location: [
Reference D(iis':'pr:;i o
Observers: K T: o 1w reach reach) Date: 7 / L% /:9 7
Existing Potential
species ” b ; species. .
composition:  pr er tE LA composition: S am L
Riparian cover Percent aerial { Percent of site Spaci iti Loy ?f —
categories cover* coverage** pecies composition Species
composition
g . g
g Canopy layer | -7 ~ et
(w]
=
2 \
2 .
5 ] ( J7
B Shrub layer s R
: .
. N
100%
% RS R U N ST .
O barests L 137
Herbaceous ?’15 A SO SO
A E \ W 0900 Frrmmoeeeesemomomeesessssscscul oo oo s s e e
- e O DU
2
-] . 100%
c \ .
3 | Leaf or needle \\ _ 0/(0 Remarks:
‘-'! litter \ Condition, vigor and/or
” Q\\ ) usage of existing reach:
& o/
Bare ground \ 9 \ / >
N
*Based on crown closure,
**Based on basal area 1o surface area. c°'"'1“';:) ;‘Zw =

A16

Copyright © 2007 Wildiand Hydrology



Magruder Branch Reference Reach Team 4 : 9/18/2007

River Assessment and Monitoring: Reference Reach 1% Field Day

b. Flow Regime
Team 4 9
q lel o7
Worksheet A-5. Flow Regime variables that influence channel characteristics,

sediment regime and biological interpretations.

; P ALY FLOW REGME
i Stream:  Med ¢ wasl Location: ]
Observers: Date: 9Jig lo7
List ALL COMBINATIONS that "
APPLY............ = 2 0%
General Category

Ephemeral stream channels: flows only in response to precipitation. Often used in conjunction
with intermittent.

Subterranean stream channel: flows parallel to and near the surface for various seasons - a sub-
surface flow that follows the stream bed.

. Intermittent stream channel: one that flows only seasonally or sporadically. Surface sources
I involve springs, snowmelt, artificial controls, etc. Ofien this term is associated with flows that
reappear aleng various locations of a reach then run subterranean.

E

S

( f) - { Perennial stream channels: surface water persists yearlong.

Specific Category

1 Seasonal variation in streamflow dominated primarily by snowmelt runoff.

é) Seagonal variation in streamflow dominated primarily by stormflow runoff,

3 Uniform stage and associated streamflow due to spring-fed condition, backwater, etc.
4 Streamflow regulated by glacial melt,

5 Ice flows/ice torrents from ice dam breaches.

6 Alternating flow/backwater due to tidal influence.

.7 Regulated streamflow due to diversions, dam release, dewatering, etc.

Altered due to development, such as urban streams, cut-over watersheds or vegetation
conversions (forested to grassland) that change flow response to.precipitation events.

9 Rain-on-snow generated runoff.

Copyright ® 2007 Wildland Hydrology A17



Magruder Branch Reference Reach Team 4 9/18/2007

River Assessment and Monitoring: Reference Reach 1% Field Day

d. Meander Patterns

Worksheet A-7. Meander pattern reiations used for mterpretatlons for river stabrhty

= L. - Meander Patterns
Stream: anm!'&c Braach Reach: !
Observers: "] =Am 14— Date: 9fis/o7
List ALL CATEGORIES that APPLY = [ M 5™ |1 @

NS vy
Various Meander Pattern variables modified from Galay et al. (1973)

2
=
o

¥
¢

SRR

T

‘ TRI:INCATED MEANDERS b
L e e e

Copyright © 2007 Wildland Hydrology A19



Magruder Branch Reference Reach Team 4 9/18/2007

River Assessment and Monitoring: Reference Reach 1* Field Day

e. Depositional Patterns

Worksheet A-8. Depositional patterns used for stability assessment interpretations.

- ] Depositional Patterns ;
Stream: N\a_qruM lgmnd-\ Reach: L
Observers: [z _EEA/I'\_ < Date: ‘f{[ 5]0‘7

List ALL CATEGORIES that APPLY = S N [

Various Depositional Features modified from Galay et al. (1973)

1 B6 Mam Channel Branching \mth Numerous MID-
 CHANNEL BARS and Islands

wan

ﬁ,ﬁn‘?- L3 : PR L T
B7 SIDE BARS AND MID-CHANNEL BARS with
Length Exceeding 2 to 3 Channel Widths

SIDE BARS

A20 Copyright ® 2007 Wildland Hydrology
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9/18/2007

1* Field Day

Magruder Branch Reference Reach T%a
EAm 4

River Assessment and Monitoring: Reference Reach

qftalo7

c. Stream Size and Order

Worksheet A-6 Stream size/order categories for stratlf cation by stream type.

Strearn Size and Order
Stream: M« Crro do o
Location: ()
Observers: ¥, '~ .1u0 o
Date: 91907
Stream Size Category and Order = | Q_u( 3 )]
. | STREAM SIZE: Bankfull | Check ()
Category width appropriate
' meters feet category
5-1 0.305 <1 Ul
s-2 0.3-1.5 1-5 r
S-3 1.5 -4.6 515 r
S-4 469 (T5—30D I~
S-5 9-15 30— 50 ™
5-6 15 —22.8 50 — 75 I~
$-7 22.8-305 75 - 100 r
S-8 30.5 — 46 100 — 150 r
s-9 46 - 76 150 — 250 r
S-10 76 — 107 250 - 350 K
S-11 107 - 150 350 — 500 -
8-12 150 — 305 500 — 1000 r
5-13 >305 >1000 I
. ‘Stream Order
Add categories in parenthasis for specific stream order of
reach. For exampie a third order stream with a bankfuill width
of 6.1 meters (20 feet) would be indexed as: $-4(3).

A18

Copyright © 2007 Wildland Hydrology



Magruder Branch Reference Reach Team 4 9/18/2007
lepam 4

qlislor

River Assessment and Monitoring: Reference Reach 1% Field Day

f. Channel Blockages

Worksheet A-9. Various categories of in-channel debris, dams and/or channel
blockages used to evaluate channel stability.

Channel Blockages

Stream:  Meclbir ke © Location: !
Observers: KeaTy &b Date: /)%
' ‘ Materiais, which upon placement into the active channel or flood- Check ) .
Description/extent prone area, may cause adjustments in channel dimensions or all that-
' conditions due to influences on the existing flow regime. apply
D1 None Minor amounts of small, floatable material. P[
D2 infrequent Debris consists of small, easily moved, floatable material, e.g., leaves, F/

needles, small limbs and twigs.

' increasing frequency of small- to medium-sized material, such as large

D3 Moderate limbs, branches and small logs, that when accumulated, affect 10% or less P/
of the active channe! cross-section area.

Significant build-up of medium- to large-sized materials, e.g., large imbs,
D4 Numerous branches, smail logs or portions of trees that may occupy 10-30% of the r
active channel cross-section area.

Debris "dams" of predominantly larger materials, .g., branches, logs and
D5 Extensive trees, occupying 30-50% of the active channel cross-section area, often i
extending across the width of the active channel.

Large, somewhat continuous debris "dams,” extensive in nature and
occupying over 50% of the active channe! cross-section area. Such -
accumuiations may divert watear into the flood-prone areas and form fish ’
migration barriers, even when flows are at less than bankfull.

D&  Dominating

D Beaver dams: | An infrequent number of dams spaced such that normal streamflow and -
7 Few expected channel conditions exist in the reaches between dams.
Beaver dams: Frequency of dams is such that backwater conditions exist for channei
D8 Frequent * | reaches between structures where streamflow velocities are reduced and 9
4 channel dimensions or conditions are influenced.
Beaver dams: Numerous ab?ngoned dams, many of wh[ch have filled with sediment apd!or
D3 Abandoned breached, initiating a series of channel adjustments, such as bank ercsion, [
lateral migration, avulsion, aggradation and degradation.
Structures, facilities or materiais related to land uses or development located
Human within the flocd-prone area, such as diversions or Iov_:-heac! dams, cqntroi!ed
D10 influences by-pass channeis, veiocity control structures and various transportation r

encroachments that have an influence on the existing flow regime, such that
significant channel adjustments occur.

Copyright © 2007 Wildland Hydrology A21



Magruder Branch Reference Reach Team 4 -9/18/2007

River Assessment and Monitoring: Reference Reach 1% Field Day

T‘EAM ‘f—

g. Degree of Channel Incision (Bank-Height Ratio) (continued)
D ‘ - 9lielo

Worksheet A-10. Relationship of Bank-Height Ratio (BHR) ranges to correspondlng
stream stablllty ratlngs to determme degree of channel incision.

Degree of Channel Incxsnon

Low Bank Height: 163 ‘Bank-Height Ratio: | /. ©

Max Bankfull Depth: |, (%

Degree of Channel Incision Stability Rating <=~ STAELE -

Degree of Channel Incision |

! :
F ‘

17 | | /

1.6

1.5

1.3

Bank-Height Ratio (BHK)

1.2 ¢

Stable ' Slightly incised Moderately incised Deeply incised

B : - Stability rating

A24 Copyright © 2007 Wildland Hydrology



----Magruder Braneh-Referenece-Reaeh-feam-4-———-——-———- 9/48/2007-

River Name: Macgruder [Eam 4
Reach Name: Reach 4 7lialo
Survey Date: 09/19/2007

Upper Bank

Landform Slope:

Mass wasting: = - -
Debris Jam Potential:
Vegetative Protection:

~Jun g

Lower Bank

Channel Capacity:
Bank Rock Content:
Obstructions to Flow:
cutting:

Deposition:

HERGONR
NN

Channel Bottom

Rock Angularity:
Brightness:

Consolidation of Particles:
Bottom Size Distribution:
Scouring and Deposition:
Aquatic vegetation:

WHE~NWVINMN

Channel Stability Evaluation

High— (m#m)}—o’m}&)‘

Sediment Supply: |
Stream Bed Stagi1ity: -Aggrading Qﬁﬁﬁﬁjﬁ}“%}%)
W/D Cond-i t-i on. _.H-I-g'h ( T }_ n)
Stream Type: c4

Rating - 89
Condition - Good



Magruder Branch Reference Reach Team 4 9/18/2007

River Assessment and Monitoring: Reference Reach

i. Width/Depth Ratio State (Continued)

1% Field Day
TéAm 4
Fliele7

Worksheet A-12 Wrdth/depth ratio state stability rating.
- gy Wdth!Depth Ratio State

Existing Width/Depth Ratio:

Reference Width/Depth Ratio: ' i

Ratio of existing w/d to reference wid:

Width/Depth Ratio State Stability Rating <=

Ratio of wid ratio to reference wid ratlo ratio {qurm-‘; }elatiue to reference

{Decrease relative to reference wid ratio)

wid rafio)

1.8

=
by
-]

w
'y

1.2

pry

o
)

e
o

2
-

2
[}

Width/Depth Ratio Stability Ratings

:
|

i
|

Only use "Decrease relative to
reference wid ratio"” for incising

channels (bank-height ratio >1) i
{Worksheet A-10)

L

Stable Moderately unstable

Stability rating

Unstable Highly unstable

Copyright © 2007 Wildland Hydrology A27



Magruder Branch Reference Reach Team 4 9/18/2007

River Assessment and Monitoring: Reference Reach 1% Field Day
j. Degree of Channel Confinement (Meander Width Ratio (MWR)) Tzam 4
{Continued) ' R als {07“

Worksheet A-13. Degree of confinement stability ratings based on meander width ratio
divided by reference meander width ratio.
Rt 0 Y Degree of Confinement

Existing Meander Width Ratio (MWR): 4, 54 Ratio of MWR to MWRref: |

Reference Meander Width Ratic (MWR, ) 1. 5%

Degree of Confinement Stability Rating <= | L.;-n uh?f,h‘. . ;né -'

Degree of Confinement based on
Meander Width Ratio { MWR ) / Reference Condition ({ MWR, ;)
0.0 - :
: | |
0,4 , : :
! , " < .10
0.2 : , / ,
5 0.3 07.10 ~-0.29
ng: 0.4
=
£ /
@ /
= 05
= . / 0.30 - 0.79
0.7
0.8
0.80 - 1.00
0.9
10 Unconfined Moﬁemtely Confined Confined Severeiy Confined
Degree of confinement

Copyright © 2007 Wildiand Hydrology A29



Magruder Branch Reference Reach Team 4

9/18/2007

Worksheet 5-10. Summary form of annual streambank erosion estimates for various study reaches.

Stream: Macgruder, Reach - Reach 4 Location:
Graph Used: Total Bank Length (ft): 386 Date; 9/18/2007
Observers: E&m 4~ Valley Type: Vil Stream Type: C 4
(1) (2) (3) 4 5) (6) (1) 1 8
Station (ft) BEHI rating [NBS rating |Bank Length of |Study bank|Erosion Erosion
(Worksheet |(Worksheet |erosion bank (ft) height (ft) {subtotal Rate
58  159) rate [(4)=(5)=(6)] {({tonsiyrit)
(adjective) |(adjective) |(Figure 5- (ft3/yr) {I(7)/27] »
38 or 5-39) 1.37(5)}
(ftiyr)
1. behi 1 Moderate | Moderate | 0.297931 15 2.9 12.96 0.04
2. bhehi 8ib High Moderate | 0.620979 39 3.3 79.92 0.10
3. hehi 9 High Low 0.4016529 1 2.2 9.72 0.04
4. behi 2 High Moderate | 0.61875 24 3.4 50.49 0.10
5. behi 3ib High High 0.999551 70 35 244.89 0.17
8. hehi 4 Very High High 0.9996248 78 4.1 319.68 0.20
7. hehi 5 High Moderate | 0.6203423 98 31 188.46 0.09
8. behi 6lb High Very High | 1.4998414 43 44 283.77 0.32
9. behi7 High Moderate | 0.6196231 41 4.4 111.78 0.13
10.
11,
12.
13.
14,
15,
Total
Sum erosion subtotals in Column (7) for each BEHI/NBS combination| erosion
(fryn) 1301.67
Total
Convert erosion in f%yr to yds®/yr {divide Total erosion (ft*/yr) by 27} | erosion
(yds>lyr) 48.21
Canvert erosion in yds®/yr to tons/yr {multiply Total erosion (yds®/yr) e:::::n
by 1.3} (tonslyr) 62.67
Calcuiate erosion per unit length of channe! {divide Total erosion Jo‘:;:n
(tons/yr) by total length of stream (ft) surveyed} (tonslyrift) 0.1624

Copyright © 2006 Wiildiand Hydrology
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----Magruder-Branch- Reference-Reach-Team4-——---+---*=9M48f200%~

River Name: Macgruder TeAm 4+
Reach Name: Reach 4 9[1elc7

o e e e e e S — — e ————————— A ] ] o e e e o e i ek e L A S M A M G SN R M T FTE T — o ——

Table 1. Bank Identification Summary

Bank Name = .
behi 1
behi 2
behi 31b
behi 4
hehi 5
behi 61b
behi 7
behi 81b
behi 9

OO~ WIN

Table 2. Predicted Annual Bank Erosion Rates

BEHI BEHI NBS

Numeric Adjective Adjective Length Loss Loss
Bank Rating Rating Rating ft cu yds/yr tons/yr
1 28.8 Moderate Moderate 15 0.55 0.72
2 31.9 High Moderate 24 2.12 2.76
3 34.4 High High 70 10.89 14.16
4 41.2 very High High 78 14.21 18.47
5 33.8 High Moderate 98 7.88 10.24
6 31.9 High very High 43 11.91 15.48
7 31.9 High Moderate 41 4.68 6.08
8 31.9 High moderate 39 3.34 4.34
9 33 High Low 11 0.4 0.52
Totals 419 55.98 72.77

Total Reach Ln: 386 Total Loss (tons/yr) per ft of rReach: 0.1885



---‘Magruder-Branch-Reference Reach Team 4 - W72 94M8/[2007

. Team 4+
River Name: Macgruder
Reach Name: Reach 4 | 9lraloy

Table 1. Bank Identification Summary

Bank Name = -
1 behi 1

2 behi 2

3 behi 31b
4 behi 4

5 behi 5

6 behi 61b
7 behi 7

8 behi 81b
9 hehi 9

T e e e o o 1l o — 7 T e e D ot e e ke i 2 S i R ok e e o BT it A8 i o o Y LD ks e e v B o

Table 2. Predicted Annual Bank Erosion Rates

BEHI  BEHI NBS

Numeric Adjective Adjective Length Loss Loss
Bank Rating Rating Rating ft cu yds/yr tons/yr
1 28.8 Moderate Moderate 15 0.48 0.62
2 31.9 High Moderate 24 1.87 2.43
3 34.4 High High 70 9.07 11.79
4 41.2 very High High 78 11.84 15.39
5 33.8 High Moderate 98 6.98 9.07
6 31.9 High very High 43 10.51 13.66
7 31.9 High Moderate 41 4.14 5.38
8 31.9 High Moderate 39 2.96 3.85
9 33 High Low 11 0.36 0.47
Totals 419 48.21 62.66

Total Reach Ln: 386 Total Loss (tons/yr) per ft of Reach: 0.1623



----Magruder Branch-Reference Reach-feam4 - - 9/18/2007 -

Rive; Name ! Macg;uder Team +
Reach Name: Reach 4
BEHI Name: behi 2 . | - aliedoy

Survey Date: 09/18/2007

Bankfull Height: 2.4 ft
Bank Height: 3.4 ft

Root Depth: 2 ft - -
Root Density: 30 %

Bank Angle: 130 Degrees
surface Protection: 35 %

Bank Material Adjustment: O
Bank Stratification Adjustment: None 0

Erosion Loss Curve: Yellowstone

NBS Method #5: Ratio of Near-Bank Maximum Bankfull Depth to
Mean Bankfull Depth

NB Max Depth: 3.5 ft Mean Depth: 1.94 ft
Ratio: 1.80

TR ML e S AL S e e M M e T S e i el o oy - it S Pl ok e e o = M W N L il i T A —————

BEHI Numerical Rating: 31.9

BEHI Adjective Rating: High

NBS Numerical Rating: 1.80

NBS Adjective Rating: Moderate

Total Bank Length: 24 ft . K7
Estimated Sediment Loss: 2.12 Cu Yds per Year "
Estimated Sediment Loss: 2.76 Tons per Year 7 .43



----Magruder-Branch Reference ReachTeam 4 - ________ 9/18/2007

River Name: Macgruder Team 4-
Reach Name: Reach 4 S ' a(16/o

BEHI Name: behi 81b
Survey Date: 09/19/2007

Bankfull Height: 2.1 ft
Bank Height: 3.3 ft

Root Depth: 1.8~ft -
Root Density: 10 %

Bank Angle: 70 Degrees
surface Protection: 12 %

Bank Material Adjustment: O
Bank Stratification Adjustment: None O

Erosion Loss Curve: Yellowstone

T R T T TR LR e M e M e e e T M (o e B ek o e T e e e e O S i o e v A A Mok o = e T A i T it

NBS Method #1: Channel pPattern and/or Depositional Features for
. Adjustments in Near-Bank Stress
Rating: Moderate

BEHI Numerical Rating: 31.9

BEHI Adjective Rating: High

NBS Numerical Rating:

NBS Adjective Rating: Moderate

Total Bank Length: 39 ft él‘%e
Estimated Sediment Loss: 3.34 Cu Yds per Year .
Estimated Sediment Loss: 4.34 Tons per Year %.45



-----Magruder-Branch Reference ReachTeam4 __._________ 9/18/2007

Rive; Name: Macg;uder T=am ¢
Reach Name: Reach 4
BEHI Name: behi 9 . 1liels7.

Survey bate: 09/19/2007

Bankful]l Height: 1.9 ft
Bank Height: 2.2 ft

Root Depth: 1.1=ft

Root Density: 10 %

Bank Angle: 90 Degrees
Surface Protection: 10 %

Bank Material Adjustment: O
Bank Stratification Adjustment: None 0

Erosion Loss Curve: Yellowstone

NBS Method #1: Channel Pattern and/or Depositional Features for
_ Adjustments in Near-Bank Stress
Rating: Low

BEHI Numerical Rating: 33.0

BEHI Adjective Rating: High

NBS Numerical Rating:

NBS Adjective Rating: Low

Total Bank Length: 11 ft 36
Estimated Sediment Loss: 0.4 cu Yds per Year O-
Estimated Sediment Loss: 0.52 Tons per Year C§;L{"7



Team 4
9 l 8 (o‘{

Magruder Branch Reference Reach Team 4 . 9/18/2007
River Assessment and Monitoring: Impaired Reach [>T 2 Field Day
Worksheet &1 8. Sediment competence calculation form to assess bed stability.
Stream:- 11, of g Stream Type: [~ 1p
.f- Location: (2 , . 70 & Valiey Type: ¢
. Obsmrs:@r‘{é,Tfﬁft-flJ Frevi Date g1 8-07
.{Enter required information
: 3 3 ) Dgy Riffle bed material Dg; (mm)
(1.0 Dy, | Bar sampie Dy (mm)
. — 3048
lpane Dpmax Largest particie from bar sample (ft) 0{, 3 {mm) it
0.009 S Existing bankfull water surface slope (f/ft)
Y d Existing bankfull mean depth (ft)
.65 ¥s Submerged specific weight of sediment
Select the appropriate equation and caiculate critical dimensionless shear stress
A
o D /D . a .o Ay 0872
1'3 50’50 Range: 3-7 Use EQUATICN T: ¢ = 0.0834 (Dsom 50)
: 1 5 Doax/Dsp arge: 1.3-3.0 Use EQUATION 22 1* = 0.0384 (Dmax/Ds0) —0.887
.
: 7 0 17 Bankfull Dimensionless Shear Stress EQUATION USED: 07\
Calculate bankfull mean depth required for entrainment of largest particle in bar sample
*v.Di
d Required barkfull mean depth (f) d= T Y sDmax
079 S
Check: I Stable I Aggrading I_V/Degrading
Calculate bankfull water surface stope required for entrainment of largest particle in bar
sample
. -
i S Required bankfull water surface siope ()  § E._Mfi
072 d
Check: I” Stable I Aggrading 4 Degrading
Sediment competence using dimensional shear stress
10.7 k! Bankfull shear stress ¢ = yds {Ibs/ft?) (substitute hydrauiic radius, R, with mean depth, d )
: j .1 0 Moweable particle size (mm) at bankfull shear stress {Figure B-4)
O Cﬂ Predicied shear stress required to initiate movement of Dy, (Mm) (F igure B-4)
i r Predicted mean depth required to initiate movement of D, (mm) d= %
. . o 3
Predicted siope required to initiate movement of Dy, (MM = e
0.1 peres o Of D () 334
B48 Copyright © 2007 Wildland Hydrology




M@\g st_'e(;)srm Q{Q‘nﬂﬁh Reference Reach Team 4 : 9/18/2007

onitoring: Reference Reach 1% Field Day

Worksheet A-19. Stability ratings for corresponding successmna! stage shifts of
“T=am 4 - stream types. Check (v) the appropriate sta

bility rating.
9 “6107 Stream: /'// ACAY des [=VESNS N Stream Type: CtHf
Location: {N\oandgonneng Ca‘_\ MD Valley Type:  \/v{\_
Observers 7_;/%4. lf‘ Date: ?//g / 27
) i ' S _:eam type changes due to Stablllty ratmg (check
successmnal stage sh:fts (Flgure A-29) a appropnate r_ati_ng) )
Stream type at potential, (C--rE),
[~ Stable
(Fs—B), (G—+B), (F-Bg), (F—C), (D—C)
. (E—C) I Moderately unstabie
(G BaAadn grpisde
O 7 A D
i T I r/ﬁstapqe,)
(C—D}, (B—G), (D-G), (C—G), (E—G) Ww@yy unstable
% JMJ ?’iihﬁ ¥ S[, sz 0 ‘il’t\uj (/ i!‘z /fﬂ& fmj
lf)U‘— ij Oi[)jﬁ h /ﬁ[(ryj ,ﬂ\ug,é ,‘s‘ i Juyide s o of f YLk
Shur ghuce wel s gf F(}Ws Yobye handed 7"'&M
i F e
A78

Copyright © 2007 Wildland Hydrology



9/18/2007

Magruder Branch Reference Reach Team 4 )
RIver Assessment and Monitoring: Reference Reach 1* Field Day
Worksheet A-20. Lateral stability prediction summary.
IStream: M\ oz vyindes Stream Type: ¢}
location: Mm;! cf prrery (o " av.k Valley Type: &5
Observers TFAMA— o ' Date: 9 / f@)/ LDO'_]
j:_ijateral stabllity cmaena ' Lateral stablhty categones _ . 'Selected i
- {choose onestahility - [ ) e -_ | points:.
. categoryfor eath I Stable Moderately ..Unstable | Highly - {from. . -
' criterion 1-5) .+ | unstable | TTUEIE : unstable - gach.row)
W/d ratio state <12 12-1.4 14-16 >16
{(Worksheet A-12) /
(2) 4) (8) (8)
, Depositional pattern @ B4, B8 B3 Bs, B7 /
{Worksheet A-8)
(1) {2) 3) 4)
; MG,
3 Meander patte:n M‘I,@:\M @@Ma '_7;,
{Worksheet A.7)
(1) {3)
MVH, WEx, {HH, H/Ex, ExM,
, LIM, | MH, ! i
, Dominant BEH!/NBS LL,’:LU% il '“me HIL MMM, | ExH, ExvH, _
{Worksheet A-16) VHAVD ExVL | VHVH, Ex/Ex 6
(2) 4 L (8) (8)
Degree of
5 confinement (MWR / 08-10 0.3-079 0.1-029 <0.1
MWR ;) (Worksheet A- /
13} (1) {2) {3) {4)
Total points { 7
Lateralslabilitycahgnry pointrange. G
Overall lateral stability Moderately | Highly
cugory s oo | S| i’ | U |
and check stability rating) - Dé - =
A80 Copyright © 2007 Wildland Hydrology



h Team4 /18/2007
M%%FHgggng’rﬁ%ﬁ(ﬁﬁmmrﬁfeﬁ%&% eacﬁc 59Fleld Day
- Worksheet A-21. Vertical stability prediction for excess deposﬂmn/aggradat:on
Stream: /Do Lorittin, Stream Type: (’,"f‘
Location: #f ovrkabveny s 7D Valley Type: 7
Observers: /féﬁ/m /-!—' : Date: ¢ / 18707
' Vertical stability - Vertical stab!lity canagorles for excess deposiﬂon ! aggradation e o =
: oriterig{Ehoose one: ] Moderate Excess F Sﬁlect‘?
: stabdl caite oryfor ; ition [ ¢ : -
' each’ c?itarlm? 1-§) Pilo depos an = depo_s]!:ipn ‘| deposition - Aggradation
. Trend toward
Sufficient depth insufficient depth Cannot move Dy5; Cannot move D, off
Sediment and/or siope to andfor sio &P of bed material bed material and/or
1 competence transport largest slightly . andfor Dyg of Do of bar or sub- LIL
{Worksheet A-18) size availabie incormstant barmaterial ~ | pavement size
' ) @ (8) (8)
. Reduction upte | Reduction cver
Sufﬁc&le £ Trend t.o A 25% of annual 25% of annual ‘
; capaciy to LD S ediment yield of| sediment yield for 3
2 Sediment capacity | transport annuai | sediment 3 vie e yie 5
(POWERSED) load capacity bedload and/or bedlpad and/or
: ) suspended suspended
""""""""" N R ™
, Wid ratio state 1.0-1.2 1.2-14 14~16 >1.5
(WorksheetA-12) | b 2.
{2) {4) (6) (8)
Current stream-
] type at potential e
Stream succession | or does not (E—C) \w%g;mm
i — gh wid B), (C—D), (F—D)
4 states (Worksheet A-| indicate (C—F) CO
19) deposition/
L S SR NUUUUSUURRRNNY SRR
{2) 4) {6} 8)
Depositional (B B2 B4 83,85 B8, B7, B8
§ patterns (Worksheet - 3
A8} e e e e
1) {2} (3) (4)
g Debris / blockages o D4, D7 D5, D8 D6, D9, D10 e
(WorksheetA-9) | b
(1) {2) (3) 4)
Total points{ l /
Vertical. stability m!segory point-range for excess: depositlon I
Aggradation. ‘
Vertical stability for
excess depo:si:iyon ! Moderate Exceas
aggradation (use total No deposition deposition deposition Aggradation
points and check stabilty] 10~ 14 18-20 2 'Iy gy
rating) ~ r it F

Copyright © 2007 Wiidiand Hydrology
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Mgrger

liger Branch Reference Reach Team 4

9/18/2007

sessment and Monitoring: Reference Reach 1*' Field Day
Worksheet A-22. Vertical stability prediction for channel mc:smnldegradatlon
stream: ~ Yaceq ywndey Brovreh Stream Type: C—'(%
Location: Y cf\r\'l-)-o; geraxyn Co (7 d Valley Type: &9
Observers fE:‘A Py 4— d Date: 7 / / 53/6007
" Vertical, stabmty : Vert:cal stability categones for channel incision./ degradation Seiéfted
;oo {iooseone. . | - Modemtely 1- points (from:
:-stabllity category for Not incisad Slightly inclsed : .De dation |
‘each criterion 1-8) .~ |’ T .‘g R inclged = a gra . each 'f.mf) N
Trend to move
Co t . Particles much
Sediment indiecsatnéoexcess Iargerfslgzes than D‘lm of bed Iargsl.'r ?:an D1m
1 competence competence Droo 0f baror> | maved of bed moved
(Workshest A-18) Des of bed
{2) (4) (6) {8)
. Excess energy E
Does not Shight e?xcess sufficient to S5 energy
. . energy: up to ; transporting more
, Sediment capacity indicate excess | Lo ncrease increase oadup |y e of 5
(POWERSED) capacity above reference | © 207 of annual load
_ annua load
2 4 {8) {8
2egree of shannel m?ﬂ 141-120 1.31-1.50 >1.50
3 incision (BHR) A ' ~ 2
(Workshet A-10)  [--=rereremme e .
2 4 {6} (8)
e fBHR > 1.1 ¥ BHR > 1.1 5
Stream succession indicate incision and stream type | and stream type | (B—G), (C—G),
4 states (Worksheets | . qooraqang, | has wid has wid less (E—G), (D—G) 2
A-19andAq10y | " | between$-10 | tans
(2) ) {6) (8)
Confinement (MWR 7
0 80-1.00 0.30-0.79 0.10-0.29 <0.10
5 / MWR,) Sl {
Orksheet A-13)  fremsememmmrmree e i
b } (1) (2) {3) 4)
Total peints l (0
Verﬂcal sﬂbimy category point range for channal incls:onl -
el e - degradatlor U o T
Vertical stabillty for
channel incision/ L Modeirately
degradation (use total Not incised | Slightly incised Incised Degradation
points and check 9-11 12;3 19-27 >27
stability rating) rC r r
AB2 Copyright © 2007 Witdland Hydroiogy



- Magruder Branch Reference Reach Team 4 9/18/2007

River Assessment and Monitoring: Reference Reach 1% Field Day

Worksheet A-23. Channel enlargement prediction summary.

“iStream: Mc'.Cj,Yvdf—«r Vovome Stream Type: C <

Location: (0N =~ATNarnena (2 =\ Valley Type: \/i\ 1\

Observers e~ Date: < I:? o7
Channelf'nlargement | it Channat. enlargement pred:cuon categories S A
- (choossone stabifty | oL o ‘Moderate [ . .. | poimts
. category.foreach: N No ln “—’.“"-‘:s-”'.‘ f-s llg.ht- mcn_aase " - increase |- Extergsgve ' ';”"'fmmifa:ch
- criterion 14} e R e e ; RS N e

Stream type at
. potential, (C—E), (C—D), (B—G)
Successional stage (Fy—B), (G—B) (E—C) G—F) (F=D D G ! Cos '
. —), {(&G—Bj, — —F), (F— —(3), G},
1 shift (Worksheet A- (F—B,), (F—C), ( ol ) ((Eaé)@ 8
19) (D—C)
(@) T o e
- Moderately -
e Lateral stability Stable unstable Unstable Highly unstable
(Worksheet A-20) , 4_
12) { (4) {6} ‘8)
Vertical stability _ R
. excess deposition/ No deposition ciopiesrict‘i:en 4 "| Excess deposition _>Aggradat|on /
aggradation S )
- (Worksheet A-21) (2, """"""""" @ T @ Ty
Vertical stability - P o .
4 incision/ degradation Not incised ( ——S-W Moderately incised Degradation
(Worksheet A-22)  |o.ooooooeooo.. ... IR IRNSSRR NSRRI ]
{2) {4) {8) (8)
4 Y sduaftc

Channel enlargement . Moderate
prediction (use total No increase | Slight increase increase Extensive’ JQMW ad o
points and check stability 8-10 11 =16 17 =24 ’ > 24 ' '
rating) r r f/ r

Copyright © 2007 Wiidland Hydrology AB3



M@»gr}ﬁlsses SMe n rc]ﬂgmtormg

ence Reach Team 4

eference Reach

9/18/2007
Field Day

Worksheet A-24. Overall sediment supply rating determined from individual stablllty

rating categories.

Stream Type: C &4

Stream: Ve Grveces Cice )
/i

Location: /Mo/\"f‘f,‘amté\q Co. M Valley Type: &
Observers: /cam A Date: /507
Overall sediment supply R . ok
, predlctlon crltena _ o i
‘ (choose corresponding Stability rating Points [ _Sg;e::;ed
: pomts for each criterlon ' p n- ‘
Stable 1
Lateral stability Mod. unstable 2 2
(Worksheet A-20) Unstable 3
Highly unstable 4
Vertical stability No deposition 1
, BXcess depesition/ Mod. deposition 2
aggradaticn Ztcess deposition 3 3
{Worksheet A-21) | Aggradaticn 4
Vertical stability Not incised 1
3 channel incision/ Slightly incised 2 Z.
degradation Mod. Incised 3
(Worksheet A-22) Degradation 4
Channel enlargement No Increase L
4 prediction (Worksheet Slght. o888 2 3
Mod. increase 3
A-23) -
Extensive 4
planschcramer | 0% sabe e 1
5 stability (Worksheet A- - l
11
) Poor: unstable 4
Total Points I |
Category point range
Overali sediment supply . .
rating (use total points Low Moderate High Very High
and check stability rating) 5 6-10 -1 16-20
r I r

A84
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